Radiation tolerance of Yttria Fully Stabilised Zirconia (FSZ) [1] [2] [3] to ion beams in the elastic collision regime has been investigated with respect to material structure, microstructure, and nature and distribution of defects. FSZ cannot be amorphised by exposure to heavy ions [4] and shows excellent thermal stability, making it particularly attractive as inert matrix for nuclear fuel elements and for the containment of high activity nuclear wastes. However, understanding the material response in the inelastic collision regime is needed, because such matrices are exposed to neutrons and heavy fission fragments with energies in the 100 MeV range, where the interactions are dominated by inelastic processes including ionisation and electronic excitations. Such a radiation damage can be simulated by irradiations performed at large accelerator facilities using ion beams of energy between MeV and GeV.
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Experimental
By pulsed laser deposition both at room temperature (RT; series 15) and at 673 K (series 13) we produced FSZ films (12%at.Y 2 O 3 ) preserving the target stoichiometry and avoiding the porosity and contamination typical of sintered FSZ. Films were irradiated at the GSI-UNILAC using uranium ions of specific energy 11.4 MeV/u. To avoid sample heating, the beam flux was limited to ~10 8 ions cm -2 s -1 . Irradiations were performed at RT and normal beam incidence, at fluences of 2 (L), 5 (M), 8 (H), and 12 (VH) ×10 11 ions cm -2 . As-deposited and irradiated samples were characterised by ex-situ GIXRD (Cu K α at 8047 eV, 0.5° incidence angle) and XPS (Al K α at 1486.6 eV).
Results and Discussion
XPS shows that both Zr 3d and O 1s core levels are shifted towards higher binding energy by ~0.4 eV with respect to literature values. After irradiation, the line shape of Zr 3d and Y 3d did not change, but fluctuations in the energy peak positions were observed. From the chemical point of view, irradiation induces a shift towards lower binding energies in the Zr 3d and O 1s core levels of sample 13L and 13H, but the value remains close to that of sample 13A and to the literature value. On the contrary, in samples 15L and 15H, the same two core levels shift in opposite directions at a value lower than for sample 15A and literature. Such effects are due to small differences in the chemical environment of O and Zr depending on the crystalline or amorphous matrix structure.
GIXRD indicates (Fig. 1 ) that RT and 673 K depositions lead to films with an amorphous (15A) or polycrystalline single-phase cubic FSZ structure (13A), respectively. GIXRD of initially crystalline films exposed to a fluence of 2×10 11 (13L) and 5×10 11 ions cm -2 (13M) show surprisingly no diffraction reflexes: within the detection limit of our technique (~1.5 nm), these samples are completely amorphised. In contrast, GIXRD of the film irradiated at 8×10 11 ions cm -2 (13H) exhibits broadened reflexes suggesting partial reversion to the FSZ cubic structure. These reflections become evident for the highest fluence of 1.2×10 12 ions cm -2 (13VH). No features in GIXRD of films which are amorphous before ion irradiation (15L, 15M, 15H, 15VH) indicate that they remain amorphous. The observed amorphisation of our initially crystalline FSZ films is surprising in two respects: (i) The fluence is rather low and far from a situation where significant track overlapping occurs; (ii) Amorphisation at low fluence is followed by re-crystallisation progressing with increasing fluence. The reduced radiation tolerance of polycrystalline films with respect to amorphous ones can indicate higher radiation sensitivity. 
